Introduction: Long-term retention of cardiopulmonary resuscitation (CPR) skill is challenging for layperson trainees. This study compared the long-term retention of chest compression skills after either metronomeguided (MG) or popular song-guided (PG) CPR training. Methods: This was a prospective randomised simulation trial. Untrained laypersons were randomly allocated to MG (n=61) or PG (n=68) groups at CPR training sessions. After CPR training, each participant performed 5-cycle CPR using a manikin with a SkillReporter ™ immediately and six months afterwards. Results: Immediately after training, the mean compression rate (MCR) was slightly higher in the PG than the MG group (107.4 vs. 102.2/min; p<0.0001), but there was no significant difference in the proportions of participants with an appropriate chest compression rate (100-120/min) (PSACCR) between the MG and PG (53/61 (86.9%) vs. 65/68 (95.6%); p=0.114). Six months later, MCR was faster in the MG than the PG (124.8 vs. 110.0/min; p<0.0001), and PSACCR in the PG was higher than that in the MG (62/68 (91.2%) vs. 25/61 (41.0%); p<0.0001). In both tests, there were no significant differences in other chest compression parameters of between the two groups, except for a minimal difference in incomplete chest release. Conclusion: CPR training using a popular song is more effective than metronome-guided training in helping laypersons to maintain recommended compression rates after 6 months. (Hong Kong j. 
Introduction
Prompt appropriate response and delivery of highquality cardiopulmonary resuscitation (CPR) at scene by laypersons are highly associated with improved chance of survival among patients with sudden cardiac arrest.
1-3 CPR training programmes can support laypersons their acquisition of CPR knowledge and resuscitation skills. 4 However, trained laypersons usually begin to lose their basic resuscitation skills as early as a few months after CPR training. 5, 6 Auditory feedback is one popular method for improving skill retention during CPR training and for guiding the delivery of high quality CPR in real-world situations. 4, 7 The metronome is the most widely used auditory feedback devices in CPR training. Real-time guidance with metronome sounds is effective for delivering chest compressions at an appropriate rate. [8] [9] [10] The rhythm of popular songs is another applicable auditory feedback method. A novel popular song was recently introduced as a possible technique to guide the correct compression rate during CPR training. [11] [12] [13] [14] Because both methods are simple, cost effective, and easily accessible in any setting, they may be useful during CPR training for long-term retention of chest compression skills in laypersons. Metronomes can provide objective guidance for the correct range of compression rates during CPR training. However, it is unclear how long rescuers retain the memorised metronome tempo after CPR training. Popular songs are easily memorised and familiar to laypersons, although the tempo may not remain unchanged for individual rescuers over time.
It is unknown if metronome-or popular song-guided CPR training is more effective for long-term retention of chest compression skills. This study used a simulated manikin to compare the long-term retention of CPR training in laypersons using metronome or popular song guidance six months after training.
Methods

Study design and participants
We conducted a prospective randomised study in a simulation setting using a CPR manikin. Study participants were recruited from university students (>18 years of age) in physical education classes at an urban university in the Republic of Korea. The exclusion criteria were as follows: 1) participants who declined to participate in the CPR training and test during the study period, 2) participants who had received CPR training within the previous 5 years, and 3) participants with health problems (e.g., back aches) that could affect the quality of chest compressions.
Study procedure: education and tests
During the four months of our CPR education period, a total of 20 CPR training sessions were held, with 10-12 university students participating in each training session. Each class consisted of two regular courses: a 2-hour theoretical lecture about CPR knowledge and a 2-hour practice session. An American Heart Association (AHA)-certified basic life support (BLS) instructor worked on the CPR training program. Before each training session, data regarding the participants' sex, age, body weight, and height were collected. The classes were randomised into two groups using a sealed envelope selection method of ten sealed envelopes containing a paper labeled 'metronomeguided group' (MG) and another ten envelopes containing a paper labeled 'popular song-guided group' (PG). Before the start of every training session, the instructor selected one sealed envelope, and the auditory feedback method was performed according to instructions in the envelope. In the PG practice session, students listened to a music video clip of the popular song, 'Men are Ships, Women are Ports', by a popular Korean singer. The song has a tempo of approximately 100 beats/min. Students were asked to perform chest compressions according to the beat of this song during CPR training. During the MG practice session, a metronome (Maestro-Metronome 1.1, Boston, MA, US) was played at a rate of 100 beats/min as guidance for the correct compression rate. Students were asked to perform chest compressions according to the rate established by the metronome.
After the end of CPR training sessions, participants were asked to perform 5 cycles of 30:2 CPR using a Resuscitation Anne Manikin (Laerdal Medical Corp., Stavanger, Norway) without the metronome or aid of the popular song. During the CPR test, the chest compression parameters were collected on a laptop computer using a skill-reporting system (Laerdal, Stavanger, Norway) connected to the manikin. Six months after the training session, the same participants were asked to return to the classroom for a follow-up test. The same test protocol was used in both groups.
Data collection and analysis
Data on chest compression quality for 5 cycles of CPR in both tests were obtained from data recorded by the Laerdal PC Skill Reporting System (Laerdal Medical Corporation, Stavanger, Norway). The principal outcomes were mean compression rates per minute and proportions of participants with appropriate chest compression rates (100-120/min) in each method group. Additional outcomes included the following: 1) mean overall chest compression depth (mm), 2) median percentage of correct compression depth (>50 mm), 3) median percentage of incomplete chest release, and 4) median percentage of correct hand positions.
Statistical analysis
The sample size was calculated according to the difference in compression rates between the two groups. Referencing a prior simulation study, 12 we predicted that the difference in rate would be more than five compressions per minute between the two groups; the standard deviation was therefore hypothesised to be 10 compressions in both groups.
With an α level of 0.05 (two-tailed) and a power of 80%, a sample size of 64 participants for each group was determined to be sufficient for evaluating the hypothesis. Statistical analyses were performed using SPSS 
Results
Study participants
A total of 207 participants (university students) were recruited for the CPR training sessions. Of these, 71 were excluded because of the following reasons: prior CPR training session attendance (5), refusal to participate in CPR training and testing (63), or health reasons (3). Six months later, four participants in the MG and three in the PG groups did not attend their follow-up CPR tests. Therefore, a total of 129 participants (61 and 68 in the MG and PG groups, respectively) were enrolled in our study ( Figure 1 ). Participant characteristics, including age, gender, and physical characteristics (i.e. height, weight, and body mass index) did not differ significantly between the two groups (Table 1) .
Immediately after BLS training
Immediately after CPR training, the mean compression rate was higher in the PG than in the MG group (107.4 vs. 102.2/min, respectively; p<0.0001), but there was no significant difference in proportions of participants with appropriate chest compression rates (100-120/ min) between MG and PG groups (53/61 (86.9%) vs. 65/68 (95.6%), respectively; p=0.114) (Figure 2 ). The median proportion (%) of incomplete chest release (inter-quartile range 25% to 75%) was slightly higher in the PG group (1.1 (1.1 to 16.0) vs. 0.0 (0.0 to 1.3); p=0.008). There were no significant differences between the two groups in overall chest compression depth, proportions of correct compression depth (>50 mm), and proportion of correct hand position ( Table 2 ).
Six months after BLS training
After six months, the compression rate was faster in the MG group compared to the PG (124.8 vs. 110.0/ min, respectively; p<0.00001), and the proportion of participants with an appropriate chest compression rate (100-120/min) in the PG was higher than in the MG (62/68 (91.2%) vs. 25/61 (41.0%), respectively; p<0.0001) (Figure 2 ). There were no significant differences in other chest compression parameters between the two groups ( Table 2) . In both groups, there was a significant decline in all compression quality parameters after six months (decreased proportions of compression depth and correct hand position, and increased mean compression rate and incomplete chest release) (p<0.0001 within each group in the GLM model) (Figure 3 ). Comparison of change over time showed that the MG group had significantly increased mean compression rate compared with rates in the PG group. Otherwise, there were no significant differences in the compression depth, incomplete compression release, and abnormal hand positions between time points in the MG and PG groups ( Figure. 3).
Discussion
Preventing a decline of acquired CPR skills in trained laypersons is challenging. To overcome this problem, optimal adjuvant methods should be established for layperson training. 6 Metronome-aided and song-aided training is simple and easily applied methods to provide feedback on correct rates when developing and practicing resuscitation skills. Our simulation trials compared the efficacy of metronome-and popular song-aided CPR training on retention of chest compression skills and found that song-aided training was more effective than metronome-guided training for retaining adequate chest compression rate after six months.
Metronomes are popular feedback devices that help maintain recommended rates of chest compression or ventilation supply. Various clinical and simulation studies have shown their efficacy for delivering correct mean compression rate in various CPR situations, from dispatcher-guided CPR in pre-hospital settings to advanced life support in hospitals. [8] [9] [10] However, for long-term retention of these skills, metronome guidance of correct compression rates appeared to be less effective. In our study, there was a decline of chest compression quality six months after metronomeguided CPR training, with deterioration in correct compression rates especially prominent. In immediate post-training testing, most trainees had acquired sufficient chest compression skills, and most (over 85%) had achieved correct compression rates. However, only 41% of the trainees had adequate mean compression rate at the 6-month follow-up up test, with 59% performing chest compressions too fast. Performing chest compressions too quickly may be a problematic issue. Higher mean compression rate than recommended (>120/min) was often observed in various recent simulation and human observation trials. Faster than recommended mean compression rate were also associated with reduced coronary flow and chance of spontaneous circulation recovery in clinical settings. [15] [16] [17] Metronomes appeared to be less helpful for retaining the recommended range of chest compression rates, and were not effective in preventing too-fast chest compressions after layperson training.
Otherwise, the group of PG participants could perform chest compressions within the recommended rate in both immediately after training (95.6%) and six months later (91.2%). A popular song is an attractive adjuvant tool for CPR training sessions. It is easily memorised and its popularity assures advantages that can contribute to CPR trainees retaining appropriate chest compression rates for longer periods. This method is also very simple and cost-effective. Instructors need only to introduce this method and check that their students have integrated it into their CPR performance. After training, trainees can perform chest compressions to the rhythm of the popular songs if they need to perform CPR on an individual experiencing sudden cardiac arrest.
However, there are some limitations of popular songaided training. The song did not always help all types of trainees recall and per form correct chest compressions. Some song-aided training showed improved compliance with the recommended chest compression rate in laypersons; however, popular songaid training was not effective for CPR trained clinicians in hospitals (especially doctors in the emergency department).
14 Secondly, this training method may adversely affect other aspects of chest compression quality, such as depth or adequate chest release. Incomplete chest releases were subtly higher in the popular song-aided CPR training group in our study. A previous crossover-controlled study also showed incomplete chest compressions. 12 Performing chest compressions while recalling the rhythm of a popular song may adversely affect hand releases.
In addition, it is important to select an appropriate song for CPR training. The song should have a tempo within the recommended chest compression rate ranges. Various candidate popular songs such as 'Stayin' Alive', 'Nellie the Elephant', 'That's the Way', and 'Macarena Song' show the effectiveness of using songs to maintain an adequate chest compression rate in posttraining tests.
11-14 A song's popularity and easy memorability are essential factors. 'Men are Ships, Women are Ports' is a very popular Korean song known by adults of all age groups in South Korea. It is common for Koreans to memorise this song tempo, and its popularity may contribute to the positive results in this study. However, not all popular songs are useful for CPR training, even if they have a tempo within the recommended chest compression rate ranges. According to a simulation trial, 12 'That's the Way' was not effective compared to 'Nellie the Elephant', another popular, but simple, song 'That's the Way' has lyrics and beats too complex for this purpose. Selecting suitable popular songs both widely known to the public and with appropriate tempos may be the most important factor to maximise the effect of song-aided training on long-term retention of correct compression rates.
Our study had several limitations. First, our results cannot be generalised across different age groups. Our study participants were young people in university who are familiar with the song (20-30 years of age). We could not enroll older laypersons because of their increased chances of experiencing sudden cardiac arrest. Second, the simulated setting of this study precluded examination of CPR performance outside of hospitals. Therefore, the study environment might not have reflected the real stress or factors of sudden cardiac arrest or the anatomical variations of a real human chest. Third, this study focused mainly on the quality of chest compression and did not address other components such as ventilation and other BLS sequences.
Conclusion
Compared with metronome-guided training, CPR training using a popular song is more effective in longterm retention of chest compression qualities, especially for the maintenance of the recommended chest compression rates among layperson trainees.
